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Abstract : This paper presents a parallel corpora-based bilingual ter-
minology extraction method based on the occurrence of bilingual mor-
phosyntactic patterns in probabilistic translation dictionaries. We dis-
cuss an experiment focused on two language pairs – English-Galician and
English-Portuguese, and show results which experimentally confirm the
high degree of accuracy of the proposed extraction technique.
1 Introduction
This paper1 presents a thorough analysis of a parallel corpora-based bilingual
terminology extraction method based on the occurrence of bilingual morphosyn-
tactic patterns in probabilistic translation dictionaries generated by NATools
(http://natools.sourceforge.net/).
For the purpose of filtering and evaluating the results of term extraction we
carried out an experiment in which both the level of lexical cohesion of the term
candidates and their specificity with respect to a non-terminological corpus of
the target language were taken into account. Testing was conducted for the lan-
guage pairs English-Galician and English-Portuguese using the Unesco Corpus
– which is part of the CLUVI Parallel Corpus (http://sli.uvigo.es/CLUVI/)
(Guinovart & Sacau, 2004) – and the JRC-Acquis (Steinberger et al., 2006),
respectively. The evaluation results show a high degree of accuracy of the termi-
nology extraction based on probabilistic translation dictionaries complemented
by the bilingual syntactic patterns.
1This work has been funded by the Ministerio de Educacio´n y Ciencia and the Fondo
Europeo de Desenvolvemento Rexional (FEDER) within the project ”Disen˜o e implementacio´n
de un servidor de recursos integrados para el desarrollo de tecnolog´ıas de la lengua gallega
(RILG)” (HUM2006-11125-C02-01/FILO), and by the Consellar´ıa de Innovacio´n e Industria
da Xunta de Galicia within the project “Desenvolvemento e aplicacio´n de recursos integrados
da lingua galega” (ref. INCITE08PXIB302185PR).
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As for the evaluation of the terminological quality of the extracted terms, and
given the lack of a comprehensive terminological database for Portuguese, a com-
parison with a hand-crafted normalised list of terms was performed only for Gali-
cian, for which we have the bUSCatermos (http://www.usc.es/buscatermos/
Caracteristicas.htm) – a database with 126,338 Galician terms from all the
fields collected by the Servizo de Normalizacio´n Lingu¨´ıstica at the University
of Santiago de Compostela from a wide collection of dictionaries and glossaries,
and the Termoteca (http://sli.uvigo.es/termoteca/) (Crespo et al., 2008)
– a corpus-based terminological databank with 6,621 Galician terms gathered by
the TALG research group of the University of Vigo from the Galician Technical
Corpus (http://sli.uvigo.es/CTG/) and the CLUVI Corpus.
The results of the system are used by a terminologists team at the University of
Vigo as the basis for selecting English-Galician bilingual terms from the CLUVI
Corpus in order to extend Termoteca.
2 Extraction algorithm and metrics
The terminology extraction algorithm used in this study is based on NATools
probabilistic translation dictionaries (Simo˜es & Almeida, 2003) and was ex-
plained in detail in Simo˜es & Guinovart (2009). NATools dictionaries, automat-
ically extracted from sentence aligned parallel corpora, map words from a source
language to a set of probable translations in a target language. Each of these
translations have a probabilistic measure of translatability. This information en-
ables the creation of an alignment matrix for any translation unit (figure 1) that
includes in each cell the mutual translation probability for each word combina-
tion (from the source/target language). These matrixes can be used to extract
bilingual terminology using translation patterns (Simo˜es & Almeida, 2008) that
specify how word order in the source language changes after translation takes
place. Translation patterns may include morphological restrictions (for one or
the both languages) defining the morphological categories allowed for the words
matching the pattern. NATools relies on external morphological analyzers to
validate the morphological restrictions. We used jSpell (Almeida & Pinto, 1994)
for Portuguese and FreeLing (Atserias et al., 2006) for Galician.
Moreover, following many other works on term extraction based on Dunning
(1993), the system scores each term candidate with the log-likelihood measure,
using the Text::NSP Perl module (http://ngram.sourceforge.net/). The
minimum value for the partial trigrams is used for terms with more than tree
constituents (Patry & Langlais, 2005).
3 Experiments and results
Our experiments focused on two language pairs, English–Galician and English–
Portuguese and used two parallel corpora of very different sizes (table 1): the
Unesco Corpus – a collection of 30 issues of the Unesco Courier (http://www.
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discussão 44 0 0 0 0 0 0 0 0 0 0 0
sobre 0 11 0 0 0 0 0 0 0 0 0 0
fontes 0 0 0 74 0 0 0 0 0 0 0 0
de 0 3 0 0 27 0 6 3 0 0 0 0
financiamento 0 0 0 0 0 56 0 0 0 0 0 0
alternativas 0 0 23 0 0 0 0 0 0 0 0 0
para 0 0 0 0 0 0 28 0 0 0 0 0
a 0 1 0 0 1 0 4 33 0 0 0 0
aliança 0 0 0 0 0 0 0 0 0 0 65 0
radical 0 0 0 0 0 0 0 0 0 80 0 0
europeia 0 0 0 0 0 0 0 0 59 0 0 0
. 0 0 0 0 0 0 0 0 0 0 0 80
Figure 1: Alignment matrix with marked patterns (Portuguese–English)
unesco.org/courier/) in four languages, and the JRC-Acquis – a collection
of parallel texts in 22 languages with the total body of Europea Union law
applicable in the EU Member States.
Corpus Unesco JRC-Acquis
Translation Units 47 903 1 315 907
Tokens (source/target) 1 057 556 1 019 886 37 605 596 51 075 535
Forms (source/target) 50 866 66 515 283 061 295 923
Table 1: Parallel corpora
In addition, two literary corpora were used in the evaluation process for bi-
grams and trigrams exclusion (table 2): the BiVir Corpus – a Galician lit-
erary corpus containing works from the Virtual Library of Universal Litera-
ture in Galician (http://www.bivir.com/), and the Compara (http://www.
linguateca.pt/COMPARA/) – a human-edited parallel corpus whose sentence
alignment, lemmatization and POS tagging have been revised by human anno-
tators (Frankenberg-Garcia & Santos, 2003).
Corpus Token Bigrams Trigrams
BiVir 1 008 125 361 547 641 349
Compara 1 714 523 544 274 1 243 356
Table 2: Exclusion corpora
In order to evaluate the precision of the NATools-based term extraction algo-
rithm, four translation patterns were defined, as shown in figure 22.
Different methods are used for filtering the results of term extraction: iden-
tification of unlikely term candidates because of their similarity with a lexical
2The EN–GL patterns are similar but with FreeLing specific tag names. Some examples of
the extracted terms can be found in Simo˜es & Guinovart (2009).
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[R1] A B = B[CAT<-/nc/] A[CAT<-/(a_nc|adj)/];
[R2] A B = B[CAT<-/nc/] "de"|"do"|"da"|"dos"|"das" A[CAT<-/(a_nc|nc)/];
[R3] A "of"|"in"|"for" B = A[CAT<-/nc/] "de"|"do"|"da"|"dos"|"das" B[CAT<-/nc/];
[R4] A B C = C[CAT<-/nc/] A[CAT<-/(adj|a_nc)/] B[CAT<-/(adj|a_nc)/];
Figure 2: EN–PT bilingual syntactic patterns
pattern, ranking of candidates by virtue of some score of lexical association, and
assessment of term specificity with respect to some kind of non-terminological
corpus of the language, among others (Hong et al., 2001).
With the first filtering method, term candidates beginning or ending with any
of the words of a list of stop words are removed from the list. This method,
however, does not apply to the results of NATools complemented with bilin-
gual syntactic patterns, since term candidates obtained by NATools respect the
defined morphologic restrictions.
Another well-known method for filtering the results of extraction consists of
calculating the lexical association of candidates in the corpus using one of the
possible scores to test the strength of this association. The extractor in NATools
calculates the log-likelihood ratio score (Dunning, 1993). However, this score
does not carry any significance as a discriminatory factor when assessing the
outcome of our terminology extraction method, presumably because the quality
of selection based on a probabilistic translation dictionary derived from the par-
allel corpus and filtered with patterns ensures a fairly high minimum cohesion
between the components of the candidate terms (Simo˜es & Guinovart, 2009).
Therefore, we decided to check the accuracy of the term extraction of NATools
with bilingual syntactic patterns using a non-terminological corpus of exclusion
as a filter. The exclusion corpus will determine the identification (and exclusion)
of unlikely term candidates. Literary corpora, unlike corpora of news articles,
for instance, usually contain very few terminological units. A literary corpus,
as a corpus of exclusion for term extraction, represents a very safe filter. When
using a literary corpus as a filter, there are more false candidates identified as
such than correct candidates wrongly identified as false ones. We created lists
of word n-grams from the exclusion corpora BiVir and Compara, and applied
these lists as criteria for filtering and evaluation of NATools-based terminology
extraction.
The evaluation results (table 3) point to a high precision of the NATools-based
extraction algorithm. As shown in the first column of the table, the 12,689 trans-
lation equivalences (TE) identified in the Unesco Corpus using NATools with the
EN-GL bilingual syntactic patterns depicted in figure 2 represent 7,250 candi-
date bilingual term pairs (term candidates or TC) (57% of TE) after eliminating
repeated TE. When filtering that list of TC with the list of word bi- and tri-
grams from the BiVir Corpus, we obtain a list of 6,949 Galician terms from
TC (corresponding to 96% of TC) which are not present in the exclusion cor-
pus, and a complementary list of 301 Galician term candidates (only 4% of TC)
identified as erroneous term candidates due to their presence in the exclusion
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corpus. Thus, these scores show a precision of 96% in the NATools-based term
extraction from the Unesco Corpus.
As for the experiments with the JRC-Acquis, the 717,293 TE identified with the
EN-PT bilingual syntactic patterns shown in figure 2 represent 72,952 TC (only
10.2% of TE) after eliminating repeated TE. Differences between the TE/TC
ratio of the Unesco Corpus and and that of the JRC-Acquis (57% vs. 10.2%) lie
in the lexical density (percentage of different words in a text) of the two corpora.
When filtering that list of TC with the list of n-grams from the Compara, we
get a list of 63,744 Portuguese terms from TC (corresponding to 87.4% of TC)
which are not present in the exclusion corpus, and a complementary list of 6,949
Portuguese term candidates (12.6% of TC) identified as unlikely term candidates
because of their presence in the exclusion corpus. Differences in the precision
scores of term extraction between the Unesco Corpus and the JRC-Acquis (96%
vs. 87.4%) lie in the different size of the corpora (and of the exclusion corpora)
and also in their level of lexical density and terminological specificity.
Corpora Unesco JRC-Acquis
Language GL PT
Trans. Equiv. 12 689 717 293
Term Cand. 7 250 (57%) 72 952 (10.2%)
Excluded TC 301 (4%) 9 208 (12.6%)
Not-excl. TC 6 949 (96%) 63 744 (87.4%)
Table 3: Extraction results
Finally, regarding the terminological quality of the extracted terms, the com-
parison of the 6,949 Galician terms identified by this method and filtered by
the BiVir literary corpus, by one side, with the gold standard list formed by
the 129,269 unique terms Galician terms found in the bUSCatermos and the
Termoteca, by the other side, shows that only the 7.5% of the terms (521 terms)
selected in the corpus by our method are part of the gold standard list. In some
cases, the reason of this mismatch lies in the lack of lemmatisation in extrac-
tion. For instance, the extractor identifies “alimentos naturais”, but the gold
standard list contains the lemmatised version of the term, namely, “alimento
natural.” But more frequently the reason lies in the obvious fact that no term
listing contains all the terms in a language. So we have found in our results a lot
of genuine terms like “acceso directo”, “accio´n cidada´”, “accio´n humanitaria”,
“acordo de paz”, “aeroporto internacional”, “ministerio de defensa” or “abusos
sexuais”, which are not included in the list of 129,269 terms of our gold standard.
4 Conclusions
Bilingual terminology extraction from parallel corpora based on probabilistic
translation dictionaries and complemented with bilingual syntactic patterns shows
high rates of accuracy. At the present stage of development of the term extrac-
tor included in the NATools package, any word which is not recognized by the
morphological analyzer cannot be part of a term candidate and some feasible
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candidates may be ignored. To avoid this the easiest solution would consist
of considering any non-recognized word as a noun (obviously, a decision with
risks). As for the evaluation of term quality, we must point the difficulty both
in acquiring an undisputed gold standard for a language, as in interpreting the
evaluation results due to the fact that no term listing contains all the terms in
a language.
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